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ABSTRACT
Primary ambulatory thromboprophylaxis (PATP) in patients with solid malignancies is not routinely indicated. We performed a
meta-analysis of randomized controlled trials (RCTs) to determine the benefit and risk of PATP in patients with nonpancreatic
gastrointestinal cancers receiving chemotherapy. RCTs with venous thromboembolism (VTE) reduction as primary or secondary
endpoints were included. A total of 1932 patients from subgroups of 3 RCTs were eligible. The VTE incidence was 1.26% and
2.55% in PATP and control arms, respectively (risk ratio 0.49; confidence interval 0.25 to 0.96; P ¼ 0.04), with a number
needed to treat of 78 to prevent one VTE event. In gastric and gastroesophageal junction cancer patients, the VTE incidence was
1.37% and 3.40% in PATP and control arms, respectively (risk ratio 0.40; confidence interval 0.13 to 1.24; P ¼ 0.11). PATP
should not be recommended in patients with nonpancreatic gastrointestinal cancers on chemotherapy.
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C
ancer patients are 4 to 7 times more likely to
develop venous thromboembolism (VTE) com-
pared with noncancer patients.1,2 VTE events are
burdensome due to significant morbidity and

decreased survival.3,4 One retrospective study showed that
thrombosis is the second leading cause of death after cancer
progression itself in cancer patients.5 Nonpancreatic gastro-
intestinal cancers (NPGCs) are associated with a high risk of
VTE.2,4 There is modest benefit of primary ambulatory
thromboprophylaxis (PATP) in patients with solid cancers
undergoing chemotherapy.6,7 The Khorana score is a well-
known VTE risk assessment tool in the ambulatory setting
and has been used by some international guidelines to select
high-risk cancer patients.8,9 Pancreas cancer has the highest
thrombogenicity, and meta-analyses for PATP in pancreas
cancer were recently published.10,11 Herein, we conducted a

systematic review and meta-analysis to determine the benefit
and risk of PATP in patients with NPGCs since the majority
of NPGCs such as gastric cancers have high Khorana scores.8

METHODS
We performed the systematic review based on the

Cochrane Handbook for Systematic Reviews12 and reported it
in accordance with the “Preferred Reporting Items for
Systematic Reviews and Meta-Analyses” guidelines.13

The terms “thromboprophylaxis” OR “anticoagulation”
OR “low-molecular-weight heparin” OR “direct oral antico-
agulants” AND “gastrointestinal cancer” were included in
our search strategy through MEDLINE and EMBASE data-
bases until May 31, 2021. We also hand-searched abstracts
from the major oncology conferences, especially those of the
American Society of Clinical Oncology and the European
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Society of Medical Oncology. We limited the database search
to “humans” and “controlled clinical trials,” and randomized
controlled trials (RCTs) written in English were retrieved.
We evaluated the titles and abstracts of the relevant citations
and included all potential studies that were pertinent to our
topic through the references of research articles.

To be eligible for inclusion in the meta-analysis, studies
had to conform with the following characteristics: RCTs com-
paring PATP with low-molecular-weight heparins or direct
oral anticoagulants vs a control arm; RCTs of patients who
were undergoing ambulatory chemotherapy for NPGCs; and
RCTs with reduction in VTE as a primary or secondary end-
point and major hemorrhage as a safety outcome.

Two authors (T.W.H. and K.Z.T.) independently
reviewed the titles and abstracts of all selected studies and
extracted the data from each eligible study after the dupli-
cates were removed. We collected the following data: first
author’s last name, published year, name and type of study,
primary and secondary outcomes, types of cancers, dosage
and duration of study anticoagulants, types of chemotherapy,
number of patients included in each arm, and number of
VTE events. Disagreements were resolved by consensus, in
conjunction with the senior investigators (D.P.Q. and
T.H.O.). Biases in each study were identified by using the
tool recommended by the Cochrane Collaboration. Potential
biases were categorized as selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other and
were rated as low, high, or unclear risk.14

All analyses were performed using Review Manager, ver-
sion 5.3 (Nordic Cochrane Center; Copenhagen, Denmark).
The significance of the data was defined as P value < 0.05.

I2 statistic and Cochran’s Q-statistic were used to assess het-
erogeneity among the studies.14 The pooled risk ratio and
risk difference with 95% confidence interval (CI) were calcu-
lated by using the fixed effects model with Mantel-Haenszel
method as our primary meta-analytic approach. The aim of
our meta-analysis was to determine the benefit and risk of
PATP in patients with NPGCs receiving chemotherapy.
Publication bias was assessed by funnel plots.

RESULTS
We identified 2238 potential references after 4534 dupli-

cates were removed. A total of 22 records identified from the
databases were assessed for eligibility for inclusion in our
study. The final analysis incorporated three RCTs involving
1932 patients.6,15,16 Figure 1 shows the detailed steps of the
systematic review process.

The characteristic features of included studies are summarized
in Table 1. The prophylactic doses of nadroparin, semuloparin,
or rivaroxaban were given to patients in the study arms for 3.5 to
6 months while the control arms utilized placebo. The random-
ization ratio was 2 to 1 in the Prophylaxis of Thromboembolism
During Chemotherapy Trial, and 1 to 1 in the Evaluation of
AVE5026 in the Prevention of Venous Thromboembolism in
Cancer Patients Undergoing Chemotherapy Trial and the Study
to Evaluate the Efficacy and Safety of Rivaroxaban Venous
Thromboembolism (VTE) Prophylaxis in Ambulatory Cancer
Participants Trial. All patients had gastric or gastroesophageal
junction cancers or colorectal cancers.

The risk of bias for each study, evaluated by Cochrane
RevMan 5.3 software, is depicted in Figure 2. Publication
bias was not detected in the study.

Figure 1. Study flow diagram in accordance with Preferred Reporting Items for Systematic Reviews and Meta-analyses statement (PRISMA).
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In patients with NPGCs, VTE events occurred in 13
patients (1.26%) and 23 patients (2.55%) in the PATP and con-
trol arms, respectively. The pooled risk ratio for VTE events was
statistically significant at 0.49 (95% CI 0.25 to 0.96, P ¼ 0.04).
The absolute risk difference for VTE occurrence was �0.01
(95% CI �0.03 to 0.00, P ¼ 0.04), with an estimated number
needed to treat of 78 to prevent one VTE event (Figure 3).

We performed subgroup analysis of the included studies
for the occurrence of VTE in patients with gastric and
gastroesophageal junction cancers. Among 587 patients with
gastric and gastrointestinal junction cancers, the VTE inci-
dence was 4 (1.37%) and 10 (3.40%) in the PATP and con-
trol arms, respectively, according to analysis of two RCTs. The
pooled risk ratio was not statistically significant at 0.40 (95%
CI 0.13 to 1.24, P ¼ 0.11) (Figure 4). In all three RCTs, there
were no specific data for safety outcomes in each subset of can-
cer (gastric or gastroesophageal or colorectal cancers).

DISCUSSION
Diagnosis of VTE has a significant impact on health-

related quality of life of cancer patients who are undergoing

chemotherapy, with considerable morbidity and adverse out-
comes.3 A study from the Dutch Cancer Registry found that
there was a 2.2 times higher rate of mortality in cancer
patients with VTE than in those without VTE.3

Chemotherapy is an additional risk factor, increasing VTE
risk by 6.5-fold in cancer patients.17 A retrospective 5-year
cohort study by Khorana et al for VTE risk in hospitalized
cancer patients showed a VTE risk of 4.9% in stomach,
4.3% in esophageal, and 3.5% to 4.0% in colorectal cancer
patients.18 Upper gastrointestinal malignancies are consid-
ered highly thrombogenic, and both the pancreas and stom-
ach are assigned a Khorana score of 2.8,19 Uncertainties also
remain in terms of the survival benefit in other solid tumors
despite lowering the VTE events. Recently, multiple trials
have demonstrated that PATP significantly decreased VTE
events without improvement in overall survival.20–22

The 2019 International Initiative on Thrombosis and
Cancer recommended PATP with direct oral anticoagulants
in ambulatory cancer patients receiving chemotherapy with
an intermediate to high risk of VTE.9 Based on findings
from our meta-analysis, VTE events were not statistically sig-
nificantly reduced by PATP in gastric and gastrointestinal

Table 1. Characteristics of the studies included in the meta-analysis

Study (subgroup)/author (year) Types of GI cancers
Patients

(control/anticoagulant)
Anticoagulant

(dose and duration)
Primary efficacy
outcome measure

PROTECHT
Agnelli et al (2009)

Stomach 40/58 Nadroparin 3800 IU daily
for up to 4 months

Reduction in VTE

Colon and rectum 108/214

SAVE-ONCO
Agnelli et al (2012)

Stomach 207/204 Semuloparin 20 mg daily for
median of 3.5 months

Reduction in VTE

Colon and rectum 461/464

CASSINI
Khorana et al (2019)

Stomach and
gastro-esophageal

87/89 Rivaroxaban 10 mg daily for 180 days Reduction in VTE

CASSINI indicates Study to Evaluate the Efficacy and Safety of Rivaroxaban Venous Thromboembolism (VTE) Prophylaxis in Ambulatory Cancer Participants Trial; GI, gastrointes-
tinal; PROTECHT, Prophylaxis of Thromboembolism During Chemotherapy Trial; SAVE-ONCO, Evaluation of AVE5026 in the Prevention of Venous Thromboembolism in Cancer
Patients Undergoing Chemotherapy Trial; VTE, venous thromboembolism.

Figure 2. Risk of bias summary.
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junction cancers (considered high risk by a Khorana score �
2). Although PATP statistically significantly reduced VTE
events in patients with NPGCs, 78 patients needed to be
treated to prevent one VTE event, compared to a number
needed to treat of 12 in pancreatic cancer patients and 25 in
lung cancer patients.10,23 We also reviewed the famous
“Apixaban for Prevention of Venous Thromboembolism in
Cancer Patients” trial results. However, the authors did not
mention the specific data on the NPGCs.24

A recent meta-analysis pointed out that the Khorana
score is designed to consider PATP for patients in the high-
risk group, but only one-fourth of VTE events occur in the
high-risk subset. In other words, a larger proportion of
patients with subsequent VTE events will be missed by the
Khorana score.25 Another large retrospective cohort study
conducted by Chaudhury et al showed that the vast majority
of cancer patients with VTE were actually categorized as low
risk according to Khorana score, and that a substantial num-
ber of patients would not receive thromboprophylaxis.26

Hence, further studies are essential to improve risk stratifica-
tion methods and to define high-risk subsets of NPGC
patients receiving chemotherapy who may benefit from
PATP. Considering health-related quality of life, cost bur-
den, and lack of strong evidence, PATP should not be rec-
ommended in patients with NPGCs outside of the context
of clinical trials, and more randomized studies are required
to solidify the uncertainties.

In conclusion, in our study, the relative risk reduction
was 48% with a number needed to treat of 78 to prevent
one VTE event in ambulatory patients with NPGCs receiv-
ing chemotherapy. Nevertheless, there was no statistically sig-
nificant reduction in VTE events in the high-risk subset of
gastric and gastroesophageal junction cancers. Based on the
findings, PATP is not recommended in patients with
NPGCs on chemotherapy at this time.

CONFLICT OF INTEREST
Kyaw Zin Thein, Thura Win Htut, and Donald Quick declare no
conflict of interest. Thein Hlaing Oo served on an advisory board for
Bristol-Myers Squibb, not related to this manuscript.

ORCID
Thura Win Htut http://orcid.org/0000-0002-5508-1472
Kyaw Zin Thein http://orcid.org/0000-0003-1518-1097
Thein Hlaing Oo http://orcid.org/0000-0002-5201-731X

1. Heit JA, Spencer FA, White RH. The epidemiology of venous
thromboembolism. J Thromb Thrombolysis. 2016;41(1):3–14. doi:10.
1007/s11239-015-1311-6.

2. Timp JF, Braekkan SK, Versteeg HH, Cannegieter SC. Epidemiology
of cancer-associated venous thrombosis. Blood. 2013;122(10):
1712–1723. doi:10.1182/blood-2013-04-460121.

3. Sørensen HT, Mellemkjaer L, Olsen JH, Baron JA. Prognosis of can-
cers associated with venous thromboembolism. N Engl J Med. 2000;
343(25):1846–1850. doi:10.1056/NEJM200012213432504.

4. Tetzlaff ED, Cheng JD, Ajani JA. Thromboembolism in gastrointes-
tinal cancers. Gastrointest Cancer Res. 2008;2(6):267–272.

5. Khorana AA, Francis CW, Culakova E, Kuderer NM, Lyman GH.
Thromboembolism is a leading cause of death in cancer patients
receiving outpatient chemotherapy. J Thromb Haemost. 2007;5(3):
632–634. doi:10.1111/j.1538-7836.2007.02374.x.

6. Agnelli G, Gussoni G, Bianchini C, et al. Nadroparin for the preven-
tion of thromboembolic events in ambulatory patients with metastatic
or locally advanced solid cancer receiving chemotherapy: a rando-
mised, placebo-controlled, double-blind study. Lancet Oncol. 2009;
10(10):943–949. doi:10.1016/S1470-2045(09)70232-3.

7. Pelzer U, Opitz B, Deutschinoff G, et al. Efficacy of prophylactic
low-molecular weight heparin for ambulatory patients with advanced
pancreatic cancer: outcomes from the CONKO-004 trial. J Clin
Oncol. 2015;33(18):2028–2034. doi:10.1200/JCO.2014.55.1481.

8. Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis CW.
Development and validation of a predictive model for chemotherapy-
associated thrombosis. Blood. 2008;111(10):4902–4907. doi: 10.
1182/blood-2007-10-116327.

9. Farge D, Frere C, Connors JM, et al. 2019 international clinical prac-
tice guidelines for the treatment and prophylaxis of venous thrombo-
embolism in patients with cancer. Lancet Oncol. 2019;20(10):
e566–e581. doi:10.1016/S1470-2045(19)30336-5.

10. Tun NM, Guevara E, Oo TH. Benefit and risk of primary thrombo-
prophylaxis in ambulatory patients with advanced pancreatic cancer
receiving chemotherapy: a systematic review and meta-analysis of
randomized controlled trials. Blood Coagul Fibrinolysis. 2016;27(3):
270–274. doi:10.1097/MBC.0000000000000413.

11. Frere C, Crichi B, Bournet B, et al. Primary thromboprophylaxis in
ambulatory pancreatic cancer patients receiving chemotherapy: a sys-
tematic review and meta-analysis of randomized controlled trials.
Cancers (Basel). 2020;12(8):2028. doi:10.3390/cancers12082028.

Figure 3. (a) Pooled risk ratio and (b) risk difference for venous thrombo-
embolism in ambulatory patients with nonpancreatic gastrointestinal cancers
receiving thromboprophylaxis vs control.

Figure 4. Pooled risk ratio for venous thromboembolism in ambulatory
patients with gastric and gastroesophageal junction cancers receiving throm-
boprophylaxis vs control.

54 Baylor University Medical Center Proceedings Volume 35, Number 1

https://doi.org/10.1007/s11239-015-1311-6
https://doi.org/10.1007/s11239-015-1311-6
https://doi.org/10.1182/blood-2013-04-460121
https://doi.org/10.1056/NEJM200012213432504
https://doi.org/10.1111/j.1538-7836.2007.02374.x
https://doi.org/10.1016/S1470-2045(09)70232-3
https://doi.org/10.1200/JCO.2014.55.1481
https://doi.org/10.1182/blood-2007-10-116327
https://doi.org/10.1182/blood-2007-10-116327
https://doi.org/10.1016/S1470-2045(19)30336-5
https://doi.org/10.1097/MBC.0000000000000413
https://doi.org/10.3390/cancers12082028


12. Julian PT, Higgins J, Thomas J, et al. Cochrane Handbook for
Systematic Reviews of Interventions, Version 6.0. Cochrane;
2019. https://training.cochrane.org/handbook/archive/v6. Accessed
September 1, 2021.

13. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA group.
Preferred reporting items for systematic reviews and meta-analyses: the
PRISMA statement. Ann Intern Med. 2009;151(4):264–269. doi:10.
7326/0003-4819-151-4-200908180-00135.

14. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring incon-
sistency in meta-analyses. BMJ. 2003;327(7414):557–560. doi:10.
1136/bmj.327.7414.557.

15. Agnelli G, George DJ, Kakkar AK, et al. Semuloparin for thrombo-
prophylaxis in patients receiving chemotherapy for cancer. N Engl J
Med. 2012;366(7):601–609. doi:10.1056/NEJMoa1108898.

16. Khorana AA, Soff GA, Kakkar AK, et al. Rivaroxaban for thrombo-
prophylaxis in high-risk ambulatory patients with cancer. N Engl J
Med. 2019;380(8):720–728. doi:10.1056/NEJMoa1814630.

17. Lyman GH, Eckert L, Wang Y, Wang H, Cohen A. Venous
thromboembolism risk in patients with cancer receiving chemother-
apy: a real-world analysis. Oncologist. 2013;18(12):1321–1329. doi:10.
1634/theoncologist.2013-0226.

18. Khorana AA, Francis CW, Culakova E, Kuderer NM, Lyman GH.
Frequency, risk factors, and trends for venous thromboembolism
among hospitalized cancer patients. Cancer. 2007;110(10):
2339–2346. doi:10.1002/cncr.23062.

19. Khorana AA, Carrier M, Garcia DA, Lee AYY. Guidance for the pre-
vention and treatment of cancer-associated venous thromboembolism.
J Thromb Thrombolysis. 2016;41(1):81–91. doi:10.1007/s11239-015-
1313-4.

20. Macbeth F, Noble S, Evans J, et al. Randomized phase III trial of
standard therapy plus low molecular weight heparin in patients with
lung cancer: FRAGMATIC trial. J Clin Oncol. 2016;34(5):488–494.
doi:10.1200/JCO.2015.64.0268.

21. Ek L, Gezelius E, Bergman B, et al. Randomized phase III trial of
low-molecular-weight heparin enoxaparin in addition to standard
treatment in small-cell lung cancer: the RASTEN trial. Ann Oncol.
2018;29(2):398–404. doi:10.1093/annonc/mdx716.

22. Gezelius E, Bendahl PO, Goncalves de Oliveira K, et al. Low-molecu-
lar-weight heparin adherence and effects on survival within a rando-
mised phase III lung cancer trial (RASTEN). Eur J Cancer. 2019;118:
82–90. doi:10.1016/j.ejca.2019.06.015.

23. Thein KZ, Yeung SJ, Oo TH. Primary thromboprophylaxis (PTP) in
ambulatory patients with lung cancer receiving chemotherapy: a sys-
tematic review and meta-analysis of randomized controlled trials
(RCTs). Asia-Pac J Clin Oncol. 2018;14(3):210–216. doi:10.1111/
ajco.12770.

24. Carrier M, Abou-Nassar K, Mallick R, et al. Apixaban to prevent ven-
ous thromboembolism in patients with cancer. N Engl J Med. 2019;
380(8):711–719. doi:10.1056/NEJMoa1814468.

25. Mulder FI, Candeloro M, Kamphuisen PW, et al. The Khorana score
for prediction of venous thromboembolism in cancer patients: a sys-
tematic review and meta-analysis. Haematologica. 2019;104(6):
1277–1287. doi:10.3324/haematol.2018.209114.

26. Chaudhury A, Balakrishnan A, Thai C, et al. Validation of the
Khorana score in a large cohort of cancer patients with venous
thromboembolism. Blood. 2016;128(22):879–879. doi:10.1182/blood.
V128.22.879.879.

55Meta-analysis of randomized controlled trials on primary ambulatory thromboprophylaxisJanuary 2022

https://training.cochrane.org/handbook/archive/v6
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1056/NEJMoa1108898
https://doi.org/10.1056/NEJMoa1814630
https://doi.org/10.1634/theoncologist.2013-0226
https://doi.org/10.1634/theoncologist.2013-0226
https://doi.org/10.1002/cncr.23062
https://doi.org/10.1007/s11239-015-1313-4
https://doi.org/10.1007/s11239-015-1313-4
https://doi.org/10.1200/JCO.2015.64.0268
https://doi.org/10.1093/annonc/mdx716
https://doi.org/10.1016/j.ejca.2019.06.015
https://doi.org/10.1111/ajco.12770
https://doi.org/10.1111/ajco.12770
https://doi.org/10.1056/NEJMoa1814468
https://doi.org/10.3324/haematol.2018.209114
https://doi.org/10.1182/blood.V128.22.879.879
https://doi.org/10.1182/blood.V128.22.879.879

	Abstract
	METHODS
	RESULTS
	DISCUSSION
	CONFLICT OF INTEREST
	Orcid


